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Abstract. This paper aims to analyze the groundwater flow direction of Tamangapa landfill and to 
predict the  contaminant in the groundwater over the period of 20 years, accounted for  the year of 
2000 until 2020. To understand the natural condition of the landfill,  geological and hydrogeological 
survey were undertaken, consisting of geological survey, geomorphology and geo-resistivity 
surveys. Hydrogeological survey comprises groundwater level measurement, chemical analysis of 
leachate and groundwater samples which were later used as input data for numerical model. Based 
on the result of groundwater flow models, the direction of groundwater is found to be flowing from 
the north to the south. The minimum concentration for manganese (Mn) is 1.519 mg/l and 2.701 
mg/l for iron (Fe). Over the period of 2020, Fe concentration increases significantly, reaching the 
level of 56.427 mg/l, Mn concentration for 299.5594 mg/l. It can be suggested that the groundwater 
quality of Tamangapa landfill  has already exceeded  the standard for water quality, leading to 
potential severe impact to local people  around the landfill. 
 
 
Introduction 
Tamangapa landfill is the only one landfill in Makassar, the capital of Province of South Sulawesi 
Indonesia. The landfill is assigned to cover all garbage in the city, containing organic and inorganic 
waste from markets, households, and offices. The waste, in particular for organic waste,  disposed 
on the landfill  will be decomposed, resulting in  leachate which  contains  chemicals, both organic 
and inorganic, some of pathogenic bacteria parasites, so it is dangerous to human health [2]. As 
rainwater passes through a pile of garbage, leachate will seep into the soil and contaminate the 
groundwater. 
 
The Interesting phenomenon in this study is the vulnerability of groundwater quality problems in 
Tamangapa landfill as a result of leachate contamination in the groundwater. The purpose of this 
study is to analyze the flow of groundwater in Tamangapa landfill area and modeling the 
contaminant transport and its influence on the groundwater system. 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Study Area 
Study area is Tamangapa landfill located in the Tamangapa village, District of Manggala, 9.80 km 
south eastern from the downtown of Makassar, South Sulawesi Province in Indonesia. The landfill 
area covers 4.2 hectares and started operation in 1993 with open dumping processing system 
(Figure 1).  The landfill stands on the ground with about 24 meters above sea level, where the 
highest level is located at the northeast of the area, and the lowest level is about 6 meters located at 
the southeast of the area (Figure 2). This study undertook the measurement of topography of the 
landfill including the stratigraphy of landfill subsurface by using geo-resistivity test. There are four 
lines of geo-resistivity tests as shown Figure 2. The test resulted in four geo-resistivity profiles, 
showing the stratigraphy of landfill subsurface. The indication of what kind of rock or soil layers in 
the subsurface can be generated by using correlation between geo-resistivity values and type of rock 
or soil [3] including the hydraulic conductivity [1]. The stratigraphy of the subsurface is shown in 
Table 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Topography map and geoelectric test map on the landfill. 
 
 
 
 
 
Figure 1. Aerial View of Tamangapa Landfill. 
 
 Table 1.Stratigraphy of landfill subsurface. 
Line Resistivity (Ωm) Layer Depth (m) 
Hydraulic conductivity 
(m/day) 
1 
0.5-300 Aquifer 2.5-14.5 10
-8
 
1-1000 Clay sand 
 
0,0001 
2 
0.5-300 Aquifer 2.5-14.5 10
-8
 
1-1000 Clay sand 
 
0,0001 
3 
0.5-300 Aquifer 7.5-12.8 10
-8
 
1-1000 Clay sand 
 
0,0001 
4 
0.5-300 Aquifer 7.5-19 10
-8
 
1-1000 Clay sand 
 
0,0001 
 
Method 
The data collections consist of geo-resistivity and topography survey, leachate quality, water 
quality, soil characteristics, and rainfall data. Analytical methods were undertaken by utilizing a 
numerical modeling. Geo-resistivity and topography data were processed with Res2dinv and 
software surfer in order to determine the groundwater level and the groundwater flow direction. The 
analysis of leachate concentration is Manganese (Mn) and Iron (Fe), determined by using a modern 
Atomic Absorption Spectrophotometer (AAS). The data was used as the input data in VISUAL 
MODFLOW software to obtain the model of leachate contaminant transport. 
 
Results  
In the simulation of groundwater flow steady state MODFLOW model, the groundwater level was 
obtained. The model as shown in Figure 3 reveals that the groundwater flows from the northern side 
to southern side of the landfill. The result was validated with lithology data where the depth of 
aquifer is 2.5 meters in the northern region, while the depth of aquifer is 7.5 meters on the southern 
depth areas.  
 
Figure 3. Elevation of Groundwater 
 
Conditions of leachate treatment plant in the landfill is no longer function due to damage in the 
pipes used to drain water from the impermeable layer to the leachate treatment ponds. At this point, 
seepage modeling was defined as a contaminant source area. Modeling of the leachate spread 
focused on the leachate concentrations of inorganic chemical constituents, Manganese (Mn) and 
Iron (Fe). Although Manganese and Iron are an essential element required for humans, but chronic 
exposure in high concentrations are able to generate health problems. One of the effect irons is 
damage on the health of the intestinal wall and manganese can cause the neurological disorder, 
which can result in death. From the simulation results using model MT3DMS leachate 
contamination, it can be seen that the concentration of manganese (Mn) and Iron (Fe) move from 
north to the south of the landfill, concomitant of the groundwater flow simulation. The migration of 
 contaminants corresponds to the spread of groundwater flow in the landfill. The spreading pattern  
of  Mn and Fe shows such south oval migration. Concentrations of manganese (Mn) obtained from 
the data quality test results is 1.519 mg/l and Iron (Fe) for 2.701 mg/l. Meanwhile, according to the 
quality standards of Health Minister Regulation No.492 of 2010 on Drinking Water Quality 
Requirements is 0.4 mg/l for Mn and 0.3 mg/l for Fe. The infiltration of leachate into groundwater 
can be categorized as groundwater contamination because the concentration goes far beyond a 
predetermined threshold. This would be very detrimental to the people living near landfill area since 
they still rely on groundwater for their water supply. The model was simulated over a span of 20 
years starting in 2000 until 2020. Day period used is 1 days, 730 days, 1460 days, 2190 days, 2920 
days, 3650 days, 5475 days, and 7300 days. Leachate contaminant simulation results with 
MT3DMS models for 7300 days get the lowest concentrations of Manganese (Mn) at 1.519mg/l 
(Figure 4) and the highest concentration at 299.5594 mg/l (Figure 6).  While the iron (Fe) lowest 
concentration at 2,701 mg/l (Figure 7) and the highest concentration at 356.427 mg/l (Figure 10). 
The modeling results obtained contaminant transport saturation point is above 2920 days caused by 
the nature of the study area of clay soil (Figures 5 and 9). The accumulation of modeling results is 
described in Table.2. 
 
Summary 
1. Groundwater direction moves from the north to the south.  
2. The contaminant follows groundwater flow direction with minimum concentration for 
manganese (Mn) is 1.519 mg/l and 2.701 mg/l for iron (Fe). As a prediction in 2020, iron 
(Fe) concentration in aquifer is high as 356.427 mg/l and 299.5594 mg/l for the manganese 
(Mn). 
3. It can be suggested that groundwater quality of Tamangapa area has already exceeded the 
water quality standard and it leading to severe impact to people living near the landfill. 
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Table 2. Recapitulation Time, Concentration, and wide Distribution of Contaminants Table 
Contaminant Time (Day) Concentration (mg/l) wide distribution (m
2
) 
Manganese 
(Mn) 
1 1.519-3.276 662 
730 0.015-285.560 8468 
1460 0.0074-296.529 12216.5 
2190 0.0041-298.237 12492.5 
2920 0.0024-298.831 13725 
3650 0.0014-299.115 14001 
5475 0.0005-299.499 14136 
7300 0.0002-299.559 14201 
Iron (Fe) 
1 2.701-4.620 729 
730 0.027-337.846 6825 
1460 0,013-352.588 7738 
2190 0.0073-354.807 7986 
2920 0.0042-355.504 8688 
3650 0.0026-355.889 8765 
5475 0.0010-356.349 8873 
7300 0.0003-356.427 8964 
 Figure 7. Relationship Charts Feconcentration 
against Pollution Time Period 
Figure 6. Modeling Results for 7300 Days 
Contaminants (Highest Concentration) Mn 
Figure 5. Modeling results for 2920 Days 
Contaminants Mn (Saturation Point) 
 
Figure 4. Modeling results for1 Day Contaminants 
Mn (Lowest Concentration) 
 
    
  
  
 
 
 
 
 
 
 
 
 
 Figure 9. Modeling results for 2920 Days 
Contaminants Fe (Saturation Point) 
Figure 10. Modeling Results for7300 Days 
Contaminants (Highest Concentration) Mn 
Figure 8. Modeling resultsfor1 Day Contaminants 
Fe (Lowest Concentration) 
Figure 11. Relationship Charts Fe concentration 
against Pollution Time Period 
 
 
 
 
 
 
 
   
 
 
 
 
